Objective: The aim of this review was to identify, appraise and synthesize the best available evidence on the effectiveness of moisturizers, barrier creams, protective gloves, skin protection education and complex interventions (a combination of two or more of the interventions listed here) in preventing occupational irritant hand dermatitis (OIHD) in wet workers, comparing each intervention to an alternative intervention or to usual care (workers' regular skin care regimen).
Introduction
O ccupational skin disease (OSD) accounts for one fifth of all diseases reported to the United Kingdom (UK) Occupational Disease and Intelligence Network (ODIN) with occupational contact dermatitis (OCD) including both occupational irritant hand dermatitis (OIHD) and occupational allergic contact dermatitis (OACD) representing the majority of those reported. 1 Occupational irritant hand dermatitis appears to be more frequent than OACD due to the different mechanism of skin damage. 2 Occupational irritant hand dermatitis is caused by a skin irritant applied to the skin for a sufficient time and in sufficient concentration, whereas OACD is caused by sensitizers penetrating the skin layers and provoking a chain of immunological events which soon after (usually within seven days) cause an allergy. 2 The main causes of OIHD are the nature of the substance and the degree, duration and frequency of exposure, as well as factors such as under-hydration or over-hydration of the barrier layer of the skin which can determine the susceptibility of the individual. 2 The main signs of OIHD are redness, swelling, blistering, flaking, cracking and itching. 2 Clinical investigation and diagnosis of OSD include medical examination, patch testing, prick testing, blood testing and skin biopsy. 2 The focus of this review was prevention of OIHD as it is more prevalent than OACD in wet workers.
The UK's Health and Safety Executive (HSE) has the following definition for wet work: ''prolonged or frequent contact with water, particularly in combination with soaps and detergents, can cause dermatitis (e.g. a long time spent washing up or frequent hand washing). ''Wet work'' is the term used to describe such tasks in the workplace. . . ''' 3(para.1) . Occupational skin disease constitutes a significant public health concern in industrial countries as it is the most common occupational hazard, 4 with occupational hand dermatitis being the most frequent work-related skin disease in many Western countries. 5 It is therefore a major occupational health concern in terms of clinical and economic consequences. For example, it is estimated that four million working days are lost every year due to OSD in the UK. 1 Work-related skin and respiratory diseases account for a significant part of the workrelated ill-health (WRIH) of the UK. 6 Several European and Asian countries, as well as the United States, also keep registers of OSD. However, due to under-diagnosis and under-reporting of the disease, it has been difficult to evaluate the actual international incidence as well as the prognosis of OSD. 4 The evidence suggests that OSD is a significant problem amongst the working population, particularly healthcare workers (HCWs). 7 Intact skin on the hands and forearms is a requirement for HCWs undertaking certain roles as it reduces the risk of healthcare associated infection (HAI). 8 In addition, a number of healthcare associated tasks have the potential to result in OSD, some of which may be severe and resistant to treatment. 9 Consideration of HCWs' skin and skincare is therefore important both for patient and staff health and safety. The two most common causes of OSD are working with wet hands, and contact with soaps and cleaning materials. 7 The Health and Occupation Research Network (THOR) includes a scheme known as EPIDERM in which dermatologists record any new cases of OSD they come across in the UK. 7 Data available from EPIDERM between 2002 and 2013 show significant variations in incidence rates of occupational dermatitis. 7 High incidence is defined as >30 incidents per 100,000 workers per year. 7 The five occupations with the higher rates between 2004 and 2013 were: i) florists (110 cases per 100,000 workers per year), ii) hairdressers and barbers (88 cases per 100,000 workers per year), iii) cooks (70 cases per 100,000 workers per year), iv) beauticians (64 cases per 100,000 workers per year), and v) metal working machine operatives (61 cases per 100,000 workers per year). 7 Other occupations with high incidence rates (over 30 new cases per 100,000 workers per year) include dental practitioners, nurses, dental nurses and podiatrists. 7 It is crucial to mention that the data cited above concern the reported incidents of the UK which are restricted to more severe cases and as such are subject to a degree of underreporting. 7 Similarly, in 2001 a Freedom of Information Request in the US Food and Drug Administration's Adverse Event Reporting System regarding adverse reactions to popular alcoholbased hand rubs identified only one reported case attributed to the product. 8 Recognition of OSD differs in each country and OSD reporting is subject to diverse policies and practices throughout the world. Despite these existing differences, underreporting of OSD appears to be a recognized and common theme.
Impact
Occupational-related skin problems (including OIHD) can cause long term ill-health and have adverse career implications for all wet workers. 2, 7, 10 For example, there are certain occupational skin diseases caused by specific substances which can result in chronic skin disease, increased risk of developing allergic dermatitis, development of inflammatory conditions such as urticaria or even ulcerative and degenerative skin diseases. 2 Furthermore, this can impact adversely on the treatment of patients and also the cost to health services. 1 Reliable and continuous health surveillance for individuals at risk of developing skin reactions is essential in terms of: i) creating a framework for early detection of skin problems, and ii) controlling for the exposure to substances which have the potential to cause harm. 2 Early intervention and assessment is crucial to achieving successful, long term outcomes for HCWs with or without pre-existing skin conditions. Brown 1 identified the high prevalence of OCD in all industries in the UK and acknowledges the health impact as well as the economic consequences. He encouraged further evaluation of preventative measures in order to reduce the prevalence of OCD. In 2008 skin diseases were listed as the second most common occupational health problem in Europe as published in the European Risk Observatory report by the European Agency for Safety and Health at Work. Occupational skin diseases were considered one of the most emerging risks related to the exposure to chemical, physical and biological risk factors with high economic costs, calculated to be five billion euros per year in the European Union (EU).
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Intervention strategies
Vocational rehabilitation is described as anything that assists an employee with a health condition or disability to return to, stay in, or move into work. 10 Extensive evidence supports that work is good for health and that the benefits of work to health outweigh the risks of work as well as the effects of worklessness and unemployment. 10 Keeping employees healthy at work is a balance between health promotion and focus on work. 10 Prevention strategies, for example, compliance with health and safety regulations and rehabilitation interventions address and incorporate biopsychosocial factors to support employees in returning to or staying healthy in work. 10 In occupations where there is high risk of OIHD, the prevention strategies are usually well defined. When substances have skin-damaging potential, the Control of Substances Hazardous to Health Regulations (COSHH) apply in the UK, and the employer must make an assessment of the risks to any employee liable to exposure to a substance hazardous to health.
2 Recognition and registration of skin disease on a national level depends heavily on the standards and criteria used to recognize occupational disease in each of the countries within the EU. It is therefore difficult to compare systems or information about the recognition of occupational diseases. On a global level, the International Labour Organization (ILO) continues to provide guidance via conventions and policies regarding coherent national occupational safety and health policies to promote health and improve working conditions. Conventions particular to workplace skin exposures include the application of procedures for recognition, notification and prevention. 11 Strategies to prevent OSD may include automation of processes (depending on industry and occupation), replacement of the need for employees to expose skin to irritants and/or replacement of dangerous substances (less toxic, less irritant, less allergic).
2 Other strategies for prevention of OSD include changing the employee's behavior, for example, encouraging changes to the frequency of hand washing, appropriate use of personal protective equipment such as rubber gloves and/or cotton liners where indicated, use of barrier creams, use of moisturizers and raising awareness of the risks of OSD. 2 Personal protective equipment can vary in form, for example, it can be gloves, aprons, overalls, hats, masks, safety boots, etc. 10 Protective gloves contain substances that can act as sensitizers to the skin. The HSE has provided guidance on the selection of gloves. 12 Barrier creams are a topical preparation applied to the skin in order to provide a barrier.
2 They often contain lanolin, paraffin, silicones or polyethylene glycols. 10 Barrier creams are used to protect employees against workrelated skin disease; however, occasionally the substances contained in these creams can themselves cause sensitization. [2] [3] [4] [5] [6] [7] [8] [9] [10] Moisturizers, or emollients, are used for regenerative skin care before, during (when indicated and when they do not compromise the employee's task) and after work. 
Systematic reviews
This section provides an overview of currently published systematic reviews on the incidence, prevalence, prevention and effectiveness of interventions (as described above) amongst wet workers. The terms ''incidence'' and ''prevalence'' are clearly defined in the field of epidemiology as: i) prevalence: quantifying instances of a given disease, or other conditions, in a given population at a designated time, and ii) incidence: quantifying new instances. 13 One systematic review has been published on the prevention of OIHD amongst wet workers, and two other systematic reviews have addressed the management of skin disease in the workplace. Bauer et al.
14 conducted a Cochrane review of randomized controlled trials (RCTs) published between 2003 and 2011. Four international studies met the inclusion criteria. The overall review produced positive findings in respect of primary prevention of OIHD: the beneficial effects of using barrier creams and emollients, and an absence of harmful effects. None of the RCTs identified any problems with the efficacy of glove use. Due to the lack of statistical significance that emerged from the review, Bauer et al.
14 concluded that there was a need for larger studies to determine if primary prevention is effective and, if so, which is the best preventive measure. The main limitations of the review were the: i) limited number of RCTs; ii) methodological weaknesses of the studies identified, for example, short-term studies and the application of interventions restricted to healthy people; and iii) complete absence of studies which support or refute the use of gloves as primary prevention. The fundamental forms of prevention that emerged from the review were the change of workers' behavior by use of creams, reduction of hand washing as well as refraining from wet work.
Saary et al. 15 conducted a systematic review of international studies published between 1960 and 2003 to provide the Workplace Safety and Insurance Board (WSIB) of Ontario, Canada, with evidencebased recommendations regarding treatment decisions for OCD. 15 Forty-nine studies conducted in a range of countries met the inclusion criteria. Barrier creams containing dimethicone or perfluoropolyethers, cotton liners and softened fabrics prevented irritant contact dermatitis (ICD). Lipid-rich moisturizers both prevented and treated irritant CD. Topical skin protectant and quaternium 18 bentonite (organoclay) prevented dermatitis. Diethylenetriamine pentaacetic acid (chelator) cream prevented nickel, chrome and copper dermatitis. Potent or moderately potent steroids effectively treated allergic contact dermatitis (ACD). There were no macrolide immunomodulator trials that met the inclusion criteria. 15 A limited number of interventions effectively prevented or treated OICD and OACD, but well-controlled, outcome-blinded studies, particularly in the area of ACD prevention, were recommended. 15 Smedley et al. 16 performed a systematic review of 11 international RCTs on the management of occupational dermatitis focussing on HCWs. Whilst a number of conclusions were drawn, five in particular can be regarded as the most relevant to the proposed review. First, HCWs should seek early treatment for dermatitis. Second, in severe cases of acute dermatitis, work adjustments should be applied. Third, HCWs with dermatitis should follow a particular skin program (for hand hygiene and hand care). Fourth, the need for further research on the risk of HCWs to transfer infection to patients is evident. Fifth, it remains unclear to what extent health surveillance is effective in reducing dermatitis. Two key limitations of the literature were identified by Smedley et al. 16 The first was non-statistical significance of the findings (large studies failed to determine whether primary prevention is helpful), and therefore a comprehensive review that includes evidence from other quantitative study designs may be useful in synthesizing a broad range of evidence. The second was a lack of intervention uniformity.
Despite a lack of robust evidence regarding the prevention of OIHD provided by previous systematic reviews, useful guidance can be drawn by conducting a further systematic review as initial literature searching has identified studies 17, 18 conducted since the publication date of these previous reviews that may be suitable for inclusion in a new synthesis. Due to the emergence of recent literature and the specific nature of the previous systematic reviews conducted on this topic, [14] [15] [16] there is a need to: i) identify and appraise a broader range of literature, including recent intervention studies, focused on the prevention of OIHD amongst wet workers; and ii) focus on the strategy and effectiveness of measures to prevent OIHD amongst HCWs. The aim of this systematic review was therefore to identify findings from RCTs and other quantitative study designs that could contribute to the evidence of the effectiveness of interventions aimed at preventing OIHD. The objectives, inclusion criteria and methods of analysis for this review were specified in advance in a previously published protocol.
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Objective
The objective of this quantitative systematic review was to identify, appraise and synthesize the best available evidence on the effectiveness of moisturizers, barrier creams, protective gloves, skin protection education and complex interventions (a combination of two or more of the interventions listed here) in preventing OIHD in wet workers, comparing each intervention to an alternative intervention or to usual care (workers' regular skin care regime). The specific review question was: what is the effectiveness of moisturizers, barrier creams, protective gloves, skin protection education and complex interventions in preventing OIHD in wet workers?
Inclusion criteria Participants
In keeping with previous systematic reviews in this area, [14] [15] [16] participants included any workers from healthcare (e.g. nurses, doctors and allied health professionals) and also those from different wet work occupations (e.g. hairdressers, florists, catering workers, metal workers) at similar risk of OIHD 11 due to, for example, frequent hand washing, skin contact with substances contained in soaps and/or hand gels and/or prolonged use of gloves. We intended to include primary prevention studies where participants had no pre-existing skin conditions. We also intended to include mixed population (pre-existing and no pre-existing skin conditions) studies where the data for participants without pre-existing skin conditions could be extracted separately.
Intervention
This quantitative systematic review considered studies that measured the effectiveness of the following interventions in the primary prevention of OIHD in wet workers at the workplace and at home (before and after work):
Use of moisturizers, for example, high and low lipid content moisturizers. Use of barrier creams, for example, barrier creams which may contain substances such as liquid paraffin lotion, lanolin oil, silicone or hydrocarbon.
Wearing gloves (rubber and/or cotton). Education (e.g. seminars and training courses; face-to-face or online delivery). Due the variability in regimens, any dosage/intensity of preventive intervention for any length of time was considered for inclusion in this review, including complex interventions that combined more than one of the above interventions.
Comparator
This review considered studies that compared one type of intervention to another. Studies that compared an intervention to a control group who did not receive any intervention were also considered.
Types of studies
This review considered for inclusion any experimental study design including randomized controlled trials, non-randomized controlled trials, quasiexperimental, and before and after studies.
Outcomes
Primary outcome measures included: OIHD incidence, defined as the proportion of wet workers who have developed any signs or symptoms of OIHD incidence diagnosed by an investigator, a health professional, or the participants themselves. OIHD severity, defined as:
Clinical evaluation (severity/improvement) of the signs or symptoms either by the investigator or the participant. Any widely accepted clinical assessment or self-report measure was considered for inclusion, such as questionnaires and clinical examinations of hands, [20] [21] [22] [23] telephone interviews and questionnaires based on the Nordic Occupational Skin Questionnaire (NOSQ-2002), 24 and self-administered questionnaires. 25 Adverse outcomes (e.g. infections, severe irritation or allergy to products applied in the studies) assessed by the participants and/or clinicians and/ or outcome assessors reported in the studies.
Secondary outcome measures included:
Product evaluation (proportion of participants satisfied with the products given in the study including cosmetic, preventive and therapeutic properties of the products). Any information which was recorded in the studies that rated the quality of the products was considered as a means 
Methods
Search strategy
Published and unpublished literature in the English language was sought between 2004 and 2017. This search covered the period employed by Bauer et al. 14 up to the present day as well as the period since the HSE guidance note on skin disease was last amended. The medical guidance note titled, 'Medical aspects of occupational skin disease', 2 released from the UK HSE in 1998 which has been re-printed with amendments most recently in 2004, is the most pertinent guideline on skin disease in the UK. The HSE, although being a UK enforcing agency, is internationally recognized and collaborates closely with various European and international bodies regarding occupational health and safety. A threestep search strategy was utilized in eight databases. An initial limited search of MEDLINE and CINAHL was undertaken using the initial keywords: ''dermatitis'' ''occupational health'' and ''occupational skin disease''. This was followed by analysis of the text words contained in the title and abstract, and of the index terms used to describe the articles. A second search using all identified keywords and index terms was then undertaken across all included databases: COCHRANE CENTRAL, MEDLINE, CINAHL, AMED, Embase. The search for unpublished studies included: Google Scholar, Open DOAR, and Robert Gordon University's thesis database, ''OPEN AIR''. See Appendix I for the detailed search strategy used in all databases. Thirdly, the reference list of all identified reports and articles was searched for additional studies.
The search resulted in literature on occupations not relevant to this review. Initial screening identified which occupations were included in these studies and only included for further screening those who were considered wet workers.
Assessment of methodological quality, and data extraction and synthesis
As no studies were located that met the eligibility criteria for this review, assessment of methodological quality, data extraction and synthesis were not performed.
Results
Study inclusion
Following the comprehensive electronic database search, a total of 5418 relevant titles were obtained by the authors; 1854 duplicates were removed. Following title and abstract screening of the remaining articles (n ¼ 3564), 3508 were excluded at that stage. Fifty-six full-text papers were retrieved for further review. Of these 56 articles, the reviewers excluded all 56 after full text review as they did not meet the inclusion criteria. For example, some studies [26] [27] [28] were excluded due to the population not being wet workers. The majority of the remainder did not meet the inclusion criteria of being prevention studies due to recruiting mixed populations of participants with and without pre-existing skin conditions; on close inspection it was apparent that data from participants without pre-existing skin conditions could not be extracted separately. A common theme that was observed during closer inspection of the excluded studies was the variety of methods used for reporting and scoring the existence and severity of pre-existing skin conditions. The excluded studies with the reasons for exclusion are documented in Appendix II. Figure 1 outlines the different stages of identification and retrieval of relevant studies for inclusion in this systematic review, in keeping with published guidleines. 29 
Discussion
Despite finding a number of studies [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] with published evidence of interventions focused on the effectiveness of interventions for the prevention of occupational skin disease, we were unable to extract and analyze separately the data from participants without pre-existing skin conditions in order to address the review objective of exploring the effectiveness of interventions aimed at preventing (rather than reducing) incidence of OIHD. Pre-existing skin conditions provide a risk factor for developing further skin irritation and potentially skin disease. 41 Although skin improvements/changes were identified in the majority of the intervention groups in the excluded studies, it was not possible to ascertain whether they were attributed to the effectiveness of the intervention at primary prevention or its effectiveness in reducing pre-existing symptoms. The evaluation of the severity of skin disease amongst participants at baseline varied between the excluded studies. [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] For example, participants in a study conducted by Held et al. 42 which tested an educational intervention employed questionnaires, clinical examination of the hands, measurement of transdermal water loss (TEWL) and patch testing for evaluation. Despite the fact that the study showed promising results from the use of an educational program, the decrease in skin symptoms occurring after the intervention was not statistically significant. In before-after studies, although tested tools such as the hand eczema severity index (HECSI) were used to evaluate the skin of the participants, it was frequently based on self-reported responses [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] (answered on questionnaires at baseline and followup) and not always confirmed by visual skin checks from truly blinded experts. It is evident that these studies [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] had not purely focused on primary prevention; rather they had included participants with and without pre-existing skin conditions. It is therefore not possible to conclude from their findings whether the interventions prevented OIHD from developing or only prevented it from worsening in pre-existing cases. Separate subgroup analyses based on the presence or absence of pre-existing skin conditions would have allowed data from these studies to be included in the review and we strongly recommend that researchers include subgroup analyses in future studies.
However, it is important to note that studies which investigated the effectiveness of interventions aimed at preventing skin disease in nursing, baking and hairdressing apprentices 30, 41, 44 discussed and analyzed the prevalence of skin symptoms before and during training and concluded that existing skin symptoms was a risk factor for developing further irritations. Suggestions for either excluding or analyzing separately participants with pre-existing skin symptoms are essential to evaluating the true effectiveness of interventions aimed at primary prevention of OIHD. Homogeneity in clinically assessing and evaluating skin severity may lead to improved outcomes that may be transferred across wet work professions.
Intervention studies involving different wet work occupations showed promising results despite the fact that they included mixed populations of participants. It is evident that more research is needed to further investigate compliance after such educational interventions in different work settings. 21 This may have an impact on preventing OIHD as well as controlling skin symptoms for those wet workers who have preexisting skin symptoms in the long term.
The protocols of two large RCTs 45,46 were identified that are presumably currently in progress. The first study protocol, 45 a cluster RCT in UK, aims to test whether a web-based behavioral change program coupled with provision of hand moisturisers can reduce the prevalence of hand dermatitis after one year when compared to standard care in nurses at high risk of OIHD. The study plans to recruit mixed populations of participants: student nurses with a history of atopic disease and allergies and nurses working in intensive care units who are at increased risk of hand dermatitis due to the nature of their work (wet work). The second study protocol, 46 also a cluster RCT taking place in Netherlands, focuses on nurses performing wet work. The study aims to assess the effectiveness of the intervention which consists of the facilitation of creams being made available at the wards combined with the continuous electronic monitoring of their consumption with regular feedback on skin care performance. This study will also recruit mixed population participants.
Although the current is an ''empty review'' where no studies were located meeting a priori inclusion criteria, the authors strongly believe that benefits can be drawn from the gaps in the current evidence base.
Limitations of the review
The lack of evidence may have been a result of the search itself. The search was restricted to English language papers only. No primary prevention studies published to date have provided evidence of effectiveness of any types of interventions where data from mixed populations (participants with pre-existing and without pre-existing skin conditions) were analyzed separately. Although the search terms used were developed in consultation with an occupational health physician specialized in skin disease at the workplace as well as a librarian, it is well known that the literature in this area is not standardized and difficult to locate. There is therefore a chance that literature was not captured in part due to these reasons. Our initial literature searching during protocol development suggested that there would be literature to include in the review; however, in order to address the specific review question of interest (primary prevention of OIHD) we employed rigorous inclusion/exclusion which all studies, on close inspection, failed to meet. Our scoping search did find three previous systematic reviews, suggesting that there is literature on this topic. However, one of these reviews was published before our lower date range, 15 one focused on the management of OIHD 16 which by definition includes participants with pre-existing skin conditions, and the one which did focus on prevention in relation to preventing OIHD from worsening or from recurring, but there is currently a lack of evidence relating to the primary prevention of OIHD, and high quality primary research studies are urgently required. It is possible that amending the inclusion criteria might have located studies for inclusion, for example, including non-wet workers, mixed populations or non-experimental study designs. However, we had identified a need to explore the evidence on the effectiveness of primary prevention in OIHD in wet workers from high quality studies at low risk of bias. Adhering to the a priori protocol has enabled us to highlight the lack of evidence and urgent need for this to be addressed by the scientific community working in this field.
Conclusion
There is currently no evidence available for metaanalysis to determine the effectiveness of interventions in preventing OIHD in wet workers.
Recommendations for practice
There is currently no evidence on the prevention of OIHD in wet workers due to the lack of literature available assessing the effectiveness of moisturizers, barrier creams, protective gloves, skin protection education and complex interventions (a combination of two or more of the interventions listed) that met this review's inclusion criteria. No primary prevention studies were found where all participants had no pre-existing skin conditions. With regards to the studies identified with mixed populations (preexisting and no pre-existing skin conditions), they were all excluded as the data for participants without pre-existing skin conditions could not be extracted separately. Therefore, no conclusive recommendations can be made regarding the effectiveness of interventions in preventing OIHD in wet workers without pre-existing skin conditions as all the studies inspected analyzed mixed populations of participants (with and without pre-existing skin conditions).
Recommendations for research
An evidence gap has been identified in relation to the effectiveness of interventions aimed at primary prevention of OIHD in wet workers without pre-existing skin conditions Quantitative research studies are urgently required to identify this evidence and should either investigate participants without preexisting skin conditions or, if including a mixed population, present a separate analysis for participants without pre-existing conditions. There is also a need for researchers to reach a consensus on methods of assessing severity of skin conditions to enable synthesis of findings from future studies. 
